Background: Galectin-3 is the designation given to the protein that binds to ß-galactosides, expressed by activated macrophages and described as a cardiac fibrosis mediator. In hypertrophic cardiomyopathy (HCM), myocardial fibrosis is an independent predictor of adverse outcome; however, the association between Galectin-3 and myocardial fibrosis has not been studied in this cardiopathy.
Introduction
Hypertrophic cardiomyopathy (HCM) is defined by the presence of ventricular hypertrophy in the absence of cardiac or systemic diseases that justify the development of this muscular alteration. 1 It is the most common cardiopathy with a genetic cause, with an estimated prevalence of 0.2% (1:500). 2, 3 Histologically, in addition to the hypertrophy and myocyte architecture disarray, varied increase in interstitial collagen and myocardial fibrosis occurs. 4 Recent studies showed that fibrosis presence and extent are an independent predictor for the occurrence of sudden cardiac death (SCD) and progression to heart failure (HF) in these individuals. [5] [6] [7] [8] [9] Currently, Galectin-3 (Gal-3), a protein of the lectin family, has emerged as a new biomarker associated with myocardial fibrosis in acute and chronic heart failure (HF). 10, 11 In the presence of inflammation, Gal-3 is secreted by activated macrophages, having the cardiac fibroblasts as binding sites, resulting in increased Original Article myocardial collagen expression and interstitial fibrosis. 12, 13 Recent studies demonstrate the association between Gal-3 with inflammation and fibrosis, and these pathophysiological processes are related to adverse cardiac remodeling in HF. [14] [15] [16] The aim of the present study was to evaluate Gal-3 values in patients with HCM and their association to myocardial fibrosis.
Method Study population
Gal-3 plasma concentrations were analyzed in 100 subjects divided into two groups: 50 patients with a diagnosis of HCM and 50 healthy control subjects, whose clinical history showed no previous comorbidities, cardiovascular diseases, neoplasms or continuous medication use. The sampling was carried out by convenience.
Patients were included consecutively. The inclusion criteria were individuals of both genders, aged between 15 and 65 years, with a previous diagnosis of HCM, established by echocardiography (parietal thickness > 15 mm in any LV segment or ≥ 13 mm in patients with first-degree relatives who had the disease without cavity dilatation and in the absence of any other cardiac or systemic condition that could be the cause of hypertrophy). Exclusion criteria were: known kidney disease (serum creatinine > 2.0 mg/dL), individuals with hepatic cirrhosis of any etiology, patients with kidney or pulmonary fibrosis.
All patients with HCM underwent cardiac magnetic resonance imaging (CMRI) aiming at evaluating the presence of myocardial fibrosis detected by the late gadolinium enhancement (LGE) technique.
The study was approved by the medical ethics committee of the hospital and performed in accordance with the Declaration of Helsinki. Free and informed consent was obtained in written form from all patients.
Galectin-3 measurement
Galectin-3 measurements were performed in blood samples, collected after overnight fasting, centrifuged and immediately stored at -80°C. The analysis was performed using the Enzyme-linked Fluorescence Assay (ELFA) (Biomerieux, Marcy-l'Étoile, LY-France). Assay calibration was performed according to the manufacturer's recommendations. Gal-3 values ≤ 17.8 ng/dL were considered normal.
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Doppler echocardiogram
Transthoracic echocardiography was performed using the Vivid 7 digital ultrasound system (GE Vingmed Ultrasound AS, Horten, Norway). Three cardiac cycles were recorded and digitally stored for further analysis. Left ventricle (LV) and right ventricle (RV) measurements were obtained according to the recommendations of the American Society of Echocardiography. LV ejection fraction (LVEF) was calculated using Simpson's biplane method.
Cardiac magnetic resonance imaging
Patients with HCM were submitted to CMR using a GE Signa 1.5-T system (Waukesha, Wisconsin). Cardiac images were obtained in the short and long axis in apnea and with pulse sequences synchronized with the electrocardiogram. To identify myocardial fibrosis using the late enhancement technique, 0.2 mmol/ kg of gadolinium-based contrast was administered intravenously (Dotarem ® , gadoteric acid -Gd-DOTA, Guerbet Aulnay-Sous-Bois -France ).
Statistical analysis
Statistical analyses were performed using the SPSS software (Statistical Package for Social Science) for Windows, version 20 (SPSS Inc., Chicago, IL, USA).
In the descriptive analysis, the variables were expressed as absolute (N) and relative (%) frequencies and mean and standard deviation for continuous variables.
The Kolmogorov-Smirnov test was performed to evaluate the normal distribution of data. The MannWhitney test was used to compare the possible differences between the HCM groups, and the Student's t-test for independent sample was performed to compare the means of the groups.
A level of significance of 5% (p value < 0.05) was considered in the statistical analysis.
Results
The study included 100 subjects divided into two groups, 50 HCM patients and 50 healthy control subjects. The groups were similar regarding age and Table 1) . The values found for serum Gal-3 measurements were low and showed no statistical differences between the two groups, HCM versus control, 10.3 ± 3.1 and 11.3 ± 2.6, p = 0.12 ( Figure 1 ).
The patients with HCM were 72% males, with a mean age of 44 ± 12 years. All of them had preserved LVEF, mean septal thickness of 21.7 ± 5.2 mm and 29% had left ventricular outflow gradient > 30 mmHg at rest. Myocardial fibrosis was identified in 84% of these patients, and Gal-3 levels did not show any differences between the groups with present and absent myocardial fibrosis, 10.3 ± 3.4 and 10.1 ± 2.1, p = 0.59 (Table 2) .
Discussion
In the present study, serum Gal-3 levels were low and did not show any differences between patients with HCM and the control group. Myocardial fibrosis was a common finding, present in 84% of HCM patients, but Gal-3 values also showed no differences between patients with and without fibrosis. Therefore, our findings suggest that other non-inflammatory mechanisms of myocardial structural remodeling are involved in the pathophysiology of fibrosis in this cardiopathy.
Galectin-3 is expressed by activated monocytes/ macrophages and is involved in the regulation of inflammatory processes and pro-fibrotic pathways, acting as myocardial fibrosis mediator under conditions where necrosis and/or cellular apoptosis and consequent inflammatory reactions occur, described as a pathway of reparative fibrosis. 12, 16 However, another collagen 
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synthesis mechanism is known: the reactive pathway, in which fibrosis formation would be secondary to the neurohumoral activation without cardiomyocyte necrosis, with the following cellular mediators: angiotensin II, aldosterone and endothelin-1.
17-19
In patients with HCM, cardiac fibrosis is associated with adverse left ventricular remodeling, arrhythmias and worse prognosis. Currently, it is not known what factors decisively contribute to accelerate collagen deposition between the hypertrophied myocardial fibers in patients with HCM, and different causal mutations are thought to play an important role, as well as other genetic polymorphisms and environmental factors. [20] [21] [22] Kim et al., 23 demonstrated in an experimental study that myocardial fibrosis occurs independently of cell damage and inflammation in this heart disease. When analyzing the hearts of transgenic mice with a cardiac beta-myosin mutation, in which hypertrophy had not yet developed, they reported the early activation of potent fibrosis regulatory pathways and collagen deposition, despite normal cardiac histological findings, demonstrating the existence of a pro-fibrotic environment even before the disease onset. 23 Thus, they corroborate our results, with low serum concentrations of Gal-3 and absence of an association with myocardial fibrosis.
The study by Hu et al., 24 aimed to determine the prognosis of myocardial fibrosis associated with Gal-3 levels in patients with non-ischemic cardiomyopathy. The sample consisted of 105 patients with HCM, with an older mean age than that in our study, 52 ± 15 years, and they identified that the association of Gal-3 with fibrosis showed a more significant prognostic value. However, when evaluating serum levels of Gal-3 in patients with HCM with and without fibrosis, they also did not find any significant differences. 24 The findings of the present study contribute to the knowledge of the mechanisms involved in myocardial fibrosis formation in HCM, guiding future lines of research aimed at studying the formation of fibrosis and ventricular remodeling and modifying the natural history of the disease.
Conclusion
In patients with HCM, the serum concentration of Gal-3 is low and is not associated with the presence of myocardial fibrosis, suggesting that the reparative pathway of fibrosis formation is little activated in this cardiopathy.
Limitations
Some limitations should be considered in the study, such as the relatively small number of patients, its cross-sectional design, which did not allow us to establish the prognostic value of the variables, and the evaluation of myocardial fibrosis, which was not quantitatively performed, making it impossible to calculate the correlation of myocardial fibrosis extension with Gal-3 concentrations.
